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Abstract

Mobile technology is widespread in modern society, and the applications (apps) that they run can serve various pur-
poses. Features such as portability, ease of communication, storage, and relative low cost may make such technology
attractive to practitioners in several fields. This review provides a critical narrative on the existing literature for apps
relevant to the field of sport and exercise nutrition. Three main areas are discussed: (1) dietary analysis of athletes, (2)
nutrition education for athletes, (3) estimating body composition. The key purpose of the review was to identify what
literature is available, in what areas apps may have a benefit over traditional methods, and considerations that practi-
tioners should make before they implement apps into their practice or recommend their use to coaches and athletes.
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Background

The ubiquity of smartphones has led to developments in
easily accessible methods of collecting, storing, and shar-
ing information via software applications and hardware
components typical to most devices. Specifically, within
sport and exercise science, smartphone devices can be
used to collect variables such as heart rate, jump height,
barbell velocity, and distances covered, albeit with differ-
ing levels of reliability and validity dependent on the app
selected [1]. When their validity is simple to determine,
sport and exercise practitioners are more likely to use
such smartphone applications (apps) in their practice [2].
Therefore, it is important to regularly review the body of
evidence to inform practice as technology advances and
more software applications become commercially avail-
able for public use.

The appetite to utilise such smartphone technol-
ogy is also apparent in dietetics, with an international
survey by Chen et al. [3] finding that 62% of 570 dieti-
tians used nutrition apps in their own practice, and 84%
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recommended them to their patients. The most common
uses were for sharing information resources, patient self-
monitoring, extra patient support, and dietary analysis.
These common uses have some evidence to support their
use, such as apps for patient education in areas such as
blood glucose management [4], and apps with photo-
based methods of dietary analysis [5]. Apps have been
used for similar means by sport and exercise dietitians
and nutritionists [6]. However, it cannot be assumed
that the dietetic or nutrition research evidence in a clini-
cal field can transfer to sport and exercise nutrition, as
athletes are a unique population that whilst healthy, are
at risk of energy and nutrient deficiencies; particularly
young athletes [7].

The purpose of this paper is to review the current evi-
dence base for using smartphone technology in sport and
exercise nutrition practice. The review will focus on three
areas of practice relevant to the field: (1) dietary analysis
of athletes, (2) nutrition counselling and education of ath-
letes, (3) estimating body composition.

Dietary analysis

Traditional methods of assessing energy intake have
been questioned. Whilst diet recalls provide a quantita-
tive assessment of energy intake, recollection periods
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and accuracy are usually limited [8]. Furthermore, food-
frequency questionnaires and diet history methods may
offer greater insight into habitual energy intake but have
been criticised for their seasonality and lack of detail
for individual quantification [8]. Subsequently, food dia-
ries were identified as a more accurate method of nutri-
tional assessment, involving the weighing or estimated
quantification of food and drink items [9]. However, it
is important to acknowledge that food diaries may also
be susceptible to reporting bias [8]. Most of the evi-
dence suggests an underestimation of energy intake when
using self-reported weighed or estimated food diaries,
of ~11-27% [10-13], highlighting the difficulties of pro-
viding accurate analysis and intervention. Alternative
methods have been developed such as the combined
method of self-report, weighed food diary and 24 h recall,
which demonstrated a low random error (3.1%) between
methods, and although a statistically significant under-
reporting was observed (88 kcal day™!), the magnitude
of this bias was small [14]. Whilst there is evidence of
improved accuracy with some self-reported methods,
this does not eradicate the participant burden associated
with traditional methods of energy intake collection. Fur-
thermore, the labour-intensive nature of dietary analysis
by trained nutritionists can also be prone to error [15].

Advances in technology and the prevalence of smart-
phones in society, present opportunities to reduce some
of the challenges, synonymous with traditional self-
reporting methods. The plethora of mobile apps for
tracking energy intake enable real-time recording, which
can be simultaneously analysed and compared to pre-
determined intervention goals or recommended intake
values. Whilst apps share the portability benefits of tra-
ditional dietary records, the additional features of auto-
mated time/date-stamped recording of items alongside
features such as barcode scanning and image taking pro-
vide greater objectivity [16]. However, current reviews
acknowledge the algorithms required for image-assisted
apps are still in their infancy, with practitioners and
researchers predominantly opting for apps which utilise
more textual food input methods [17, 18].

The concept of apps tracking energy intake is not nec-
essarily new, the underpinning principles align with tradi-
tional methods of dietary record, however the technology
utilised in these apps alter the method in which dietary
data is collected. It is therefore important to investigate
the validation of these apps, prior to the implementa-
tion into both research and practice to ensure accurate
and reliable data is being collected. With the dominance
of smartphone usage within society, the concept of using
photography-based dietary assessment has recently been
developed in smartphone apps. One such app (Snap-N-
Send), was found to be valid and reliable when compared
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to researcher-observed methods in free-living environ-
ments [19]. Despite a reported significant small mean
bias of 179 kcal day " it was concluded that the Snap-N-
Send app was an accurate method for assessing energy
intake in elite adolescent athletes at the group level [19].
In a subsequent study by Costello et al. [20], the dietary
assessment accuracy of Snap-N-Send was compared
against doubly labelled water with elite adolescent ath-
letes. Although a small systematic bias was again high-
lighted (50-122 kcal day™?) at the group level, questions
remain, as Snap-N-Send demonstrated large random
error, highlighting the reduced measurement accuracy at
an individual level.

MyFitnessPal (MFP) is a free smartphone app and con-
sidered one of the most popular apps for sports nutrition-
ists [6]. MFP calculates energy intake using a relatively
user-friendly interface composing a database of over 3
million food and drink items, with the capacity to enter
any additional items manually. In a recent study, Teix-
eira et al. [21] investigated the validity of the MFP app,
using paper-based food records as a reference method.
Even though systematic errors were evident, total
energy and fibre demonstrated moderate correlations
with food records, showing good relative validity. How-
ever, further analysis indicates MFP tends to underesti-
mate individual nutrients, and is not recommended for
research purposes, despite users preferring this method
of dietary assessment. Explanations of such inaccuracies
were purported to be due to database inaccuracies [21].
Another app (Bridge2U) has also been developed as an
electronic food log to reduce researcher burden and cost
due to its real-time data entry and detection. However,
the reporting accuracy has been criticised. The Bridge2U
app demonstrated significant underreporting of energy
intake when compared to 24 h recall [22]. Whilst group
level data suggests the Bridge2U app is a valid tool, the
wide variability of subject data entry undermines use
for individual assessment. To improve the limitations
of app usage for accurate dietary assessment, the newly
developed PIQNIQ app incorporates features such as
text entry with dropdown menus and a comprehensive
database, as well as portion size selector combined with
slider aid for visual estimation of food and drink items.
In a study investigating the accuracy of the PIQNIQ app
results indicate that, with the exception of added sugars
and total fats, macro and micronutrient profiles were
comparable to interviewer administered multiple-pass
24 h recalls [23]. Findings are encouraging, suggesting
apps which are carefully designed to incorporate user-
friendly portion size selection tools combined with image
assistance, and links to comprehensive databases, may
produce similar accuracy as traditional validated meth-
ods, whilst reducing the burden of such methods.
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In one of the first reviews investigating the feasibility
and validity of smartphone apps, specifically designed for
dietary data collection, Sharp et al. [24] concluded that
such apps provided only similar validity and reliability
when compared to traditional methods, failing to dem-
onstrate significant improvements. It is important to note
that this review included apps developed between 2001
and 2013 and may now not account for any technologi-
cal developments in this field. Furthermore, validation
studies included in the review were criticised for the lim-
ited duration of collection periods, presenting challenges
when attempting to quantify habitual intake, whilst also
implementing insufficient rigour during statistical analy-
sis [24]. Despite the lack of progression in accuracy, apps
were highlighted as the preferred option partly due to
the reduction in both researcher and participant burden,
cost reduction and real time data coding [24]. Addition-
ally, the pragmatic approach of real-time communication
with participants, providing prompts for more detailed
info, allows the correction of ambiguous entries and ena-
bles individualised recommendations during interven-
tion studies.

In a more recent review, Zhang et al. [18] conducted a
systematic review and meta-analysis on validation studies
of dietary apps. Sample sizes ranged from 18 to 362, pre-
dominantly including young adults over a 2-7 days col-
lection period, within real-life settings. Apps used within
these validation studies included MyFitnessPal, Diet-A,
EVIDENT II, Eat and Track, FoodNow, Nutrabem, e-CA,
MyMealMate, e-DIA, BENECA and Research Food
Diary. Findings highlighted that all apps underestimated
energy intake when compared to their reference meth-
ods, with a pooled effect of —202 kcal day™! (95% CI
—319 to 85 kcal day™!) [18]. Wang et al. [25] proposed
a difference in energy intake of 110165 kcal day ™' to be
clinically meaningful in a weight loss context; lower than
the pooled effect of the underestimation of energy intake
when compared to their respective reference method
identified in the meta-analysis (—202 kcal day™!). This
suggests the lack of accuracy would likely impact on
energy balance if used in applied and/or research contexts
to design recommendations/interventions. Further anal-
ysis of the findings suggest unintentional or intentional
under-reporting bias was similar between apps and tra-
ditional methods. However the current review excluded
apps which allowed image-based analysis or automated
prompts to promote greater accuracy, a feature which
has been shown to improve objectivity and accuracy of
energy intake [26]. It is important to acknowledge that 11
out of the 14 studies included within the meta-analysis
used 24 h recalls as the reference method. It is widely
accepted in the literature that 24 h recalls are prone to
significant subject bias and have limited application for
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habitual energy intake [27], which somewhat undermines
the validation findings. Subsequently, absolute validity
was unclear and not reported. The inclusion of objective
reference methods such as doubly labelled water could
provide a more insightful understanding of validity and
provide greater evidence of the inclusion of app-based
energy intake collection methods in the future. Inter-
estingly, the studies included within the review which
used objective tools as energy intake reference methods
(accelerometery) demonstrated more favourable results
[16, 28, 29]. Reliability between estimated energy intake
and measured energy expenditure was high (ICC, 95% CI
0.75, 0.61-0.84) suggesting the FoodNow app could be
used at the group level as a suitable alternative [16].

It is important to acknowledge that whilst this paper
attempts to discuss the practicalities of smartphone app
usage in athletic populations, research using such partici-
pants are limited. Subsequently research has been drawn
from a range of adolescent and adult populations. How-
ever, there is evidence to suggest that subject bias with
regards to over and under-reporting of energy intake is
prevalent in both athletic and non-athletic populations
with similar degrees of quantification [30], suggesting
extrapolation of non-athletic data may still be relevant. It
is clear to see that apps have potential benefits over their
traditional self-reporting counterparts by utilising smart-
phones, which have become an increasingly dominant
aspect of modern society. The portability, automated-
prompts, analysis of nutrients and objectivity of incor-
porating images, all aid in the reduction of participant
and researcher burden. However, current validation stud-
ies provide equivocal evidence of the accuracy of energy
intake assessment. Further research is warranted to
explore validation methods utilising objective reference
methods to determine whether the advancement of tech-
nology can progress the field of energy intake assessment.

Nutrition counselling and education

Education does not always result in behaviour change, but
there are examples of online interventions that have been
shown to be effective to instigate behaviour change [31],
and a recent systematic review identified that apps can be
effective interventions for nutrition behaviour [32]. Fur-
thermore, this type of intervention has been adopted in
practice, with one study reporting that almost half (46%)
of 570 responding dietitians used apps as an education
resource for their patients [3]. However, this past work
on clinical populations may not necessarily transfer to a
sporting population, and athletes are a unique population
as, whilst healthy, are still at risk of nutritional imbalances
[33, 34]. This may be particularly true of young athletes
[7], who are a population who may respond well to online
interventions, with Zuniga et al. [35] stating that young
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athletes are interested in potential application-based
interventions. Development work exists that reports the
potential of sport nutrition education apps, but they do
not evaluate their use in practice [36, 37]. One 8-week
case study from Curtis et al. [38] assessed the dietary
intake of two 19-year-old female rugby union players.
One player used the MealLogger app to submit photos
of their meals, on which they received feedback related
to suitability, composition, and timing, whereas the other
player received usual support (fortnightly correspond-
ence). Both players increased their total energy intake,
but the player using the app did so by increasing carbohy-
drate and protein intake, and the other did so by increas-
ing fat and reducing carbohydrate and protein intake. It is
not clear if these changes were meaningful or within typi-
cal daily variance for the individual athletes, and it is dif-
ficult to extrapolate the findings to a larger population, as
the authors themselves acknowledge. However, of inter-
est is that the intervention allowed a more frequent daily,
as opposed to fortnightly, communication between the
practitioner and athlete, which may have wider reaching
benefits in terms of building a professional relationship.
Simpson et al. [39] used the same MealLogger app to
provide nutritional feedback to a group of seventeen
18-20 year-old male field hockey players for 6 weeks.
Players logged images of their food three times per week
to receive practitioner feedback, and received an infor-
mation document on a different nutrition topic weekly
through the app. In a single group pre-post design, the
athletes demonstrated increased nutrition knowledge
as measured by the ‘Questionnaire of Nutrition Knowl-
edge; and an increased perceived knowledge and confi-
dence. They all perceived the intervention to have had
some influence on their behaviour, particularly the ele-
ment of being able to view each other’s meals. The out-
come measures employed in this study make it difficult to
evaluate the efficacy of the intervention, as an improved
knowledge does not necessarily translate to a change in
behaviour, even if that is what the athletes perceived.
The design of the study also means that it is unknown
whether the MealLogger app would have outperformed
other more traditional interventions. However, of note is
that before the study none of the athletes said that they
would prefer to receive advice from a sports dietitian,
whereas after the study this increased to 82%. Therefore,
like the observations of Curtis et al. [38], whilst the study
could not provide strong evidence for behaviour change,
the app based intervention did provide an opportunity
for improving the athlete-practitioner relationship.
Unlike Simpson et al. [39], Heikkild et al. [40] did
design a study to investigate if increased nutrition
knowledge through an app-based intervention trans-
lated to a change in behaviour. They also implemented
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an alternative education intervention as a compari-
son group. Seventy-nine endurance athletes aged
18 £ 1.4 years received three 90-min sessions on a fort-
nightly basis, completing a nutrition knowledge ques-
tionnaire [41] at weeks 0, 5 (post intervention), and 17
(12 week follow up). For one half of the group this was
the sole intervention (EDU), whereas the others also
logged images of their meals on MealLogger for 4 days
after each 90-min session (EDU+ APP). Those in the
EDU+ APP group were asked to upload a commen-
tary alongside their images with a different focus each
time ([1] meal timing and fluids, [2] healthy eating, [3]
variety and vitamin D). Nutrition knowledge increased
in both groups at week 5 and remained elevated above
baseline at week 17, with no difference between the
groups. However, despite this macronutrient and
energy intake did not increase significantly in either
group, and remained below pre-determined recom-
mendations. Therefore, it was concluded that the app
intervention improved knowledge but was not better
than the traditional sessions alone, and neither inter-
vention had an influence on athlete behaviour.

A pair of studies from Budiono et al. describe the use
of an app called Nutriatlet with Martial Artists. The first
study describes how the app uses a food unit substitu-
tion method to help athletes attain an individual goal
intake [42]. The example provided was an athlete requir-
ing 3500 kcal would consume 11 units of carbohydrate,
4 units of animal protein, 4 units of vegetable protein, 4
units of vegetable, 4 units of fruit, 2 units of milk, 3 units
of oil, and 6 units of sugar. However, it is unclear how
the ratio of units was determined, and how the equiva-
lence of foods within each category were checked. Nev-
ertheless, athletes using the app reached their goal intake
within 6.3 weeks, 2 weeks faster than a control group.
However, it was not described what education the con-
trol group received. A second study aimed to use the app
to support Martial Artists lose weight without sacrific-
ing good nutritional practice [43]. The app was used in a
similar fashion in terms of recommending units of food
types, but in this paper, it is better described how it was
managed, with athletes receiving food from a central ser-
vice within the facility. It was then up to athletes to use
the apps to dictate portion sizes of the foods on offer. At
the end of the 30 days they observed increased energy
intake (from 64 to 83% of target), reduced body fat, and
maintained body mass index (BMI). This combination of
results is promising, as for body fat to decrease despite
increased energy intake and a stable BMI, this means that
optimum protein was being consumed [44]. Therefore,
with an increase in energy expenditure this intervention
may help athletes on progressive weight loss plans such
as those described in past case studies [45, 46].
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Body composition

Photogrammetry is the extraction of the geometry of a
structure, e.g. human body, using photographs or digital
images [47], thus providing various lengths and widths.
Using 2-and-3-dimensional photographic images for
anthropometrical measures has existed for multiple dec-
ades [48] and the existing literature has demonstrated
reliability and validity in various contexts such as using
volume-to-mass conversion factors to estimate body mass
[49] and identification of craniofacial landmarks [50]. This
sub-discipline of photogrammetry, “digital anthropom-
etry” [51], has extended beyond surface measurements to
provide estimation of tissue composition. As highlighted
previously in a wider review of smartphone applications
in sport and exercise science [1], there remains a limited
amount of digital anthropometry apps that are commer-
cially-available. Engineers and software developers have
utilised smartphone hardware in conjunction with cus-
tom made software to demonstrate reliable estimates of
body fat percentage (%BF) [52, 53]. However, the software
developed in this literature is not commercially avail-
able via App store or Google Play. For smartphone apps
that are available to the public, and therefore practicing
nutritionists, the results are mixed. For example, Lean-
Screen (Postureco, Trinity, FL, USA) is a smartphone app
that estimates percentage body fat by digitizing a series
of girths within 2-dimensional (2D) photographs. This
reliability of the app has been supported, with inter- and
intrareliability coefficients of>0.99 in a study from Mac-
Donald et al. [54], and an intratester coefficient of 0.974
in another study [55]. Of note in the latter study though
is that typical error of measurement (TEM), a measure
of within-subject variation calculated as the standard
deviation of repeated measurements, was higher in the
app (TEM =1.6%BF) when compared to skinfold calipers
(TEM =0.37%BF) and bioelectrical impedance analysis
(TEM =0.23%BF). The app also produced a higher coef-
ficient of variation (CV=6.4%BF) compared to skinfold
callipers (CV =1.1%BF) and bioelectrical impedance anal-
ysis (CV=0.7%BF).

In terms of validity, the app had a greater bias and
underestimation of bodyfat percentage when com-
pared to dual energy X-ray absorptiometry (DXA)
(—3.3%BF) [54], and air displacement plethysmography
(—2%BF) [56]. Neufeld et al. [57] found more promising
results for the LeanScreen app, demonstrating accept-
able convergent validity, and therefore high agreement,
with both bioelectrical impedance analysis (r, 95% CI
0.82, 0.77-0.87) and skinfold callipers (r. 95% CI 0.83,
0.78-0.86). Average measurement bias [95% CI] was
1.8 [1.2-2.4] and 0.5 [0.0-1.0] compared to bioelectri-
cal impedance and skinfold measurements respectively.
However they did not take any measurements using
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DXA or plethysmography so it is difficult to compare the
findings to the work of MacDonald et al. [54] and Wag-
ner et al. [56]. The large sample size of 240 participants
can give confidence in the findings, but practitioners
should note some features of the study to inform their
decision on implementing it in their practice. Firstly, the
app was only tested on a relatively narrow range of body
sizes (23.342.8 kg m?) so its accuracy outside of this is
unknown, and secondly all participants wore tight fitted
clothing so this would need to be matched in practice.
Finally, whilst the measurements may be like field-based
alternatives such as bioelectrical impedance analysis and
skinfold measures, the study did not compare the app to a
laboratory method, so criterion validity was not assessed.
More recently Tian et al. [58] describe a similar method
of using 2D images to predict body composition, show-
ing that a single smartphone-captured image can provide
total and regional body composition estimates compa-
rable to DXA scans. However, like Choi et al. [52] and
Farina et al. [53], the investigation by Tian et al. [58] did
not examine an application that is currently available to
the general public. This technology is relatively new [54,
56] and Wagner et al. [56] suggests there may be issues
with the software’s (LeanScreen) predictive algorithm, as
opposed to a lack of validity in 2D digital anthropometry.
3D optical imaging appears to be a more reliable digital
anthropometry technology for estimating body composi-
tion [51], demonstrating strong correlations with more
expensive advanced imaging equipment e.g. DXA [59].
Although, interestingly, Neufeld et al. [57] found that
average bias increased from 1.8%BF to 4.8%BF compared
to bioelectrical impedance analysis and from 0.5%BF to
3.4%BF compared to skinfold measurements when a 3D
photonic scanner was attached to the device (Structure
Sensor; Occipital, Inc., San Francisco, CA, USA). With-
out comparison to a criterion measure it is unclear if
this difference represents an improvement or reduction
in measurement accuracy, so future work is warranted
using 3D imaging techniques using mobile technology.

Future perspectives

Most of the research examining the use of mobile apps
for dietary analysis has been conducted in a non-athletic
population, but as acknowledged in the relevant previ-
ous section, similar levels of reporting bias have been
reported for other methods of energy intake estima-
tion between athletic and non-athletic groups. However
future work should still investigate athletic populations
to confirm that this is the case for mobile apps too. Other
factors relevant for athletes that may need to be consid-
ered in future is the sensitivity to estimate micronutrient
intake and amino acid profiles, and the ability to identify
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changing eating patterns throughout a periodised plan.
Another area of study could be the added functionality
of some apps to allow energy expenditure estimation, and
what implications this may have on athlete behaviour if
they can see an estimated energy balance over a period of
time. Research in apps for nutrition education research
has investigated the role of communication and food
selection on behaviour, but future work may wish to con-
sider employing food skills advice within the app in case
that is a barrier to education implementation in a home-
setting. Body composition research is still in its infancy
and the validity and reliability of mobile apps have been
tested in a relatively narrow range of participants, so the
applicability of the findings to the extremes of body sizes
witnessed in sport are unknown. The sensitivity of these
apps to map changes in body composition over different
points of a competitive season also needs investigation.

Summary and conclusions

This review focused on the potential of mobile apps to
support sport and exercise nutrition practice in three
main areas: (1) dietary analysis, (2) nutrition educa-
tion, and (3) body composition estimation. The func-
tionality of mobile devices related to these aspects are
summarised in Fig. 1, and the potential benefits of this
technology, and key points to consider before using it,
have been summarised in Table 1. In addition to the
assumed benefits associated with cost, ease of access
and portability, beneficial features related to data input
and coding have been reported for dietary analysis,
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and the capability for image capture and automated
prompts were shared benefits for dietary analysis and
nutrition education. Connectivity between athletes and
practitioners, and athletes and other athletes, was an
advantage for mobile apps as an education tool. This
was particularly true for young athletic populations,
although there is limited research in other age groups
to say that they do not work as well in older athletes.
Mobile apps also have some limitations, for example
dietary intake can be underestimated if due considera-
tion is not given to the database that the app derives
its data from, the portion size interface, and the ease
of use for participant adherence. In addition, mobile
apps are typically shown to match rather than better
traditional tools for dietary analysis and nutrition edu-
cation. In terms of body composition measurement,
existing studies differ in design making a firm conclu-
sion difficult. Future work is required to compare both
an app and its field based alternatives with a criterion
measure across a range of body sizes so the practi-
tioner can make an informed decision about which field
based measurement they implement. Therefore, this
review does not present an argument for mobile apps to
become recommended practice in place of traditional
methods in the field of sport and exercise nutrition.
However, practitioners can use this paper to make an
informed choice if they choose to try this technology,
and its continued use should be judged based on per-
sonal preference and what works for the athlete-practi-
tioner relationship in question.

data entry

d) e)
8 —

Fig. 1 Anillustration of the relevant functionality of mobile devices for the topics covered in this review: a barcode scanning for dietary analysis, b
image capturing for dietary analysis, c image capturing for body composition, d communication between peers, nutritionist, coaches etc,, e manual




Peart et al. BMC Sports Science, Medicine and Rehabilitation

(2022) 14:30

Page 7 of 9

Table 1 A summary of the potential benefits of apps and some of the points to consider before implementation into practice

Potential benefits of using mobile applications

Key points to consider before implementation

Dietary analysis

Barcode scanning and camera functions simplify data

Apps typically underestimate energy intake compared

entry

Many apps provide real time data coding

The above could combine to reduce participant and

practitioner burden

Nutrition counselling and education
athlete and practitioner

Repeatedly found to improve athlete nutrition knowl-

edge

Body composition estimation Portability and cost

Facilitates efficient and regular contact between the

to other methods

Incorporating images and automated prompts may
improve accuracy

Apps may also be more accurate when they include a
user friendly and intuitive portion size interface
Practitioners should understand what database the app
derives nutrition data from to allow comparison to past
athlete data and other tools

Whilst effective, there is limited evidence that they

are more effective than other forms of intervention to
enhance nutrition knowledge. Athlete preference may
be key

App led increases in nutrition knowledge have not
always resulted in changed nutrition behaviour.
Therefore, behaviour change should not be assumed,
and practitioners should continue to monitor athlete
nutrition practice

There is some evidence that measurement taken from
the LeanScreen app may be reproducible

As criterion validity is not confirmed it is recommended
that practitioners take results on this app in isolation
and do not use it interchangeably with other methods.
Individual client variance should be determined to
understand a worthwhile change

Acknowledgements
Not applicable.

Authors’ contributions
DJP, MAB and MPW contributed equally to the writing and revision of the
manuscript. All authors have read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details

"Department of Sport, Exercise and Rehabilitation, Northumbria University,
Newcastle-upon-Tyne, UK. ?Sports, Physical Activity and Food, Western Nor-
way University of Applied Sciences, Sogndal, Norway.

Received: 19 October 2021 Accepted: 12 February 2022
Published online: 22 February 2022

References

1.

Peart DJ, Balsalobre-Ferndndez C, Shaw MP. Use of mobile applications

to collect data in sport, health, and exercise science: a narrative review. J
Strength Cond Res. 2019;33(4):1167-77.

Shaw MP, Satchell LP, Thompson S, Harper ET, Balsalobre-Fernandez C,
Peart DJ. Smartphone and tablet software apps to collect data in sport
and exercise settings: cross-sectional international survey. JMIR mHealth
uHealth. 2021;9(5):e21763.

Chen J, Lieffers J, Bauman A, Hanning R, Allman-Farinelli M. The use of
smartphone health apps and other mobile health (mHealth) tech-
nologies in dietetic practice: a three country study. J Hum Nutr Diet.
2017;30(4):439-52.

Vehi J, Isern JR, Parcerisas A, Calm R, Contreras |. Impact of use frequency
of a mobile diabetes management app on blood glucose control: evalua-
tion study. JMIR mHealth uHealth. 2019;7(3):e11933.

Hongu N, Pope BT, Bilgi¢ P, Orr BJ, Suzuki A, Kim AS, et al. Usability of a
smartphone food picture app for assisting 24-hour dietary recall: a pilot
study. Nutr Res Pract. 2015;9(2):207-12.

Jospe MR, Fairbairn KA, Green P, Perry TL. Diet app use by sports dietitians:
a survey in five countries. JMIR mHealth uHealth. 2015;3(1):e3345.

Briggs MA, Cockburn E, Rumbold PL, Rae G, Stevenson EJ, Russell M.
Assessment of energy intake and energy expenditure of male adolescent
academy-level soccer players during a competitive week. Nutrients.
2015;7(10):8392-401.

Livingstone MBE, Robson P, Wallace J. Issues in dietary intake assessment
of children and adolescents. Br J Nutr. 2004;92(52):5213-22.

Ashley J, Bovee V. Dietary intake: recording and analyzing. Obesity:
etiology, assessment, treatment and prevention; Andersen, RE, Ed.
2007:99-110.

. Ambler C, Eliakim A, Brasel J, Lee WP, Burke G, Cooper D. Fitness and the

effect of exercise training on the dietary intake of healthy adolescents. Int
J Obes. 1998;22(4):354-62.



Peart et al. BMC Sports Science, Medicine and Rehabilitation

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Bandini LG, Schoeller DA, Cyr HN, Dietz WH. Validity of reported

energy intake in obese and nonobese adolescents. Am J Clin Nutr.
1990;52(3):421-5.

Bratteby L-E, Sandhagen B, Fan H, Enghardt H, Samuelson G. Total energy
expenditure and physical activity as assessed by the doubly labeled
water method in Swedish adolescents in whom energy intake was
underestimated by 7-d diet records. Am J Clin Nutr. 1998,67(5):905-11.
Livingstone MB, Prentice AM, Coward WA, Strain JJ, Black AE, Davies

P, et al. Validation of estimates of energy intake by weighed dietary
record and diet history in children and adolescents. Am J Clin Nutr.
1992;56(1):29-35.

Briggs MA, Rumbold PL, Cockburn E, Russell M, Stevenson EJ. Agreement
between two methods of dietary data collection in male adolescent
academy-level soccer players. Nutrients. 2015;7(7):5948-60.

Braakhuis AJ, Meredith K, Cox GR, Hopkins WG, Burke LM. Variability

in estimation of self-reported dietary intake data from elite athletes
resulting from coding by different sports dietitians. Int J Sport Nutr Exerc
Metab. 2003;13(2):152-65.

Pendergast FJ, Ridgers ND, Worsley A, McNaughton SA. Evaluation of a
smartphone food diary application using objectively measured energy
expenditure. Int J Behav Nutr Phys Act. 2017;14(1):1-10.

Rollo ME, Williams RL, Burrows T, Kirkpatrick SI, Bucher T, Collins CE. What
are they really eating? A review on new approaches to dietary intake
assessment and validation. Curr Nutr Rep. 2016;5(4):307-14.

Zhang L, Misir A, Boshuizen H, Ocké M. A systematic review and meta-
analysis of validation studies performed on dietary record apps. Adv Nutr.
2021;12(6):2321-32.

Costello N, Deighton K, Dyson J, McKenna J, Jones B. Snap-N-Send: a valid
and reliable method for assessing the energy intake of elite adolescent
athletes. Eur J Sport Sci. 2017;17(8):1044-55.

Costello N, Deighton K, Dalton-Barron N, Whitehead S, Preston T, Jones
B. Can a contemporary dietary assessment tool or wearable technol-
ogy accurately assess the energy intake of professional young rugby
league players? A doubly labelled water validation study. Eur J Sport Sci.
2020;20(9):1151-9.

Teixeira V, Voci SM, Mendes-Netto RS, da Silva DG. The relative validity of
a food record using the smartphone application MyFitnessPal. Nutr Diet.
2018;75(2):219-25.

Lemacks JL, Adams K, Lovetere A. Dietary intake reporting accuracy of
the bridge2u mobile application food log compared to control meal and
dietary recall methods. Nutrients. 2019;11(1):199.

Blanchard CM, Chin MK, Gilhooly CH, Barger K, Matuszek G, Miki AJ, et al.
Evaluation of PIQNIQ, a novel mobile application for capturing dietary
intake. J Nutr. 2021;151(5):1347-56.

Sharp DB, Allman-Farinelli M. Feasibility and validity of mobile phones to
assess dietary intake. Nutrition. 2014;30(11-12):1257-66.

Wang YC, Gortmaker SL, Sobol AM, Kuntz KM. Estimating the energy
gap among US children: a counterfactual approach. Pediatrics.
2006;118(6):e1721-33.

Ambrosini GL, Hurworth M, Giglia R, Trapp G, Strauss P. Feasibility of a
commercial smartphone application for dietary assessment in epide-
miological research and comparison with 24-h dietary recalls. Nutr J.
2018;17(1):1-10.

Ballew C, Killingsworth RE. Estimation of food and nutrient intakes of
athletes. Nutritional assessment of athletes. Boca Raton: CRC Press; 2002.
p. 17-42.

Lozano-Lozano M, Galiano-Castillo N, Martin-Martin L, Pace-Bedetti N,
Ferndndez-Lao C, Arroyo-Morales M, et al. Monitoring energy balance

in breast cancer survivors using a mobile app: reliability study. JMIR
mHealth uHealth. 2018:6(3):29669.

Svensson A, Larsson C. A mobile phone app for dietary intake assess-
ment in adolescents: an evaluation study. JMIR mHealth uHealth.
2015;3(4):4804.

Capling L, Beck KL, Gifford JA, Slater G, Flood VM, O'Connor H. Valid-

ity of dietary assessment in athletes: a systematic review. Nutrients.
2017,9(12):1313.

Wantland DJ, Portillo CJ, Holzemer WL, Slaughter R, McGhee EM. The
effectiveness of web-based vs. non-web-based interventions: a meta-
analysis of behavioral change outcomes. J Med Internet Res. 2004;6(4):40.
Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effective-

ness of app-based mobile interventions on nutrition behaviours and

(2022) 14:30

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 8 of 9

nutrition-related health outcomes: a systematic review and meta-analy-
sis. Obes Rev. 2019;20(10):1465-84.

Ackerman KE, Holtzman B, Cooper KM, Flynn EF, Bruinvels G, Tenforde
AS, et al. Low energy availability surrogates correlate with health and
performance consequences of Relative Energy Deficiency in Sport. Br J
Sport Med. 2019;53(10):628-33.

Mountjoy M, Sundgot-Borgen JK, Burke LM, Ackerman KE, Blauwet C,
Constantini N, et al. IOC consensus statement on relative energy defi-
ciency in sport (RED-S): 2018 update. Br J Sport Med. 2018;28(4):316-31.
Zuniga KE, Downey DL, McCluskey R, Rivers C. Need for and interest in

a sports nutrition mobile device application among division | collegiate
athletes. Int J Sport Nutr Exerc Metab. 2017;27(1):43-9.

Pushpa B, Safii N, Hamzah S, Fauzi N, Yeo W, Koon P, et al. Development
of NutriSportEx TM-interactive sport nutrition based mobile application
software. J Fundam Appl Sci. 2018;10(15):339-51.

Shanita SN, Rahman A, Azimah A, Izham MM, Othman N, ChanY et al,,
editors. DietScore™: sports nutrition-based mobile application for ath-
letes and active individuals. In: International conference on movement,
health and exercise. Springer; 2016.

Curtis C, Russell M, Ranchordas M. Letter to the editor: enhancing dietary
practices, general nutrition knowledge and body composition of a
female International Rugby Union player incorporating smartphone
application technology. J Sport Med Phys Fit. 2018;58(3):366-8.

Simpson A, Gemming L, Baker D, Braakhuis A. Do image-assisted mobile
applications improve dietary habits, knowledge, and behaviours in elite
athletes? A pilot study. Sports. 2017;5(3):60.

Heikkila M, Lehtovirta M, Autio O, Fogelholm M, Valve R. The impact

of nutrition education intervention with and without a mobile phone
application on nutrition knowledge among young endurance athletes.
Nutrients. 2019;11(9):2249.

Heikkild M, Valve R, Lehtovirta M, Fogelholm M. Development of a nutri-
tion knowledge questionnaire for young endurance athletes and their
coaches. Scand J Med Sci Sports. 2018;28(3):873-80.

Budiono |, Rahayu T, Soegiyanto K, Fauzi L. Effectiveness of smartphone
application “Nutriatlet”in increasing energy intake of martial arts athletes.
KEMAS Jurnal Kesehatan Masyarakat. 2018;13(3):389-95.

Budiono |, Rahayu T, Kurnia AR. Use of “Nutriatlet” smartphone
application-based personalized nutrition program to improve energy
consumption, body mass index, and body fat percentage among martial
arts athletes. J Phys Fit Sports Med. 2019;8(1):29-35.

Mettler S, Mitchell N, Tipton KD. Increased protein intake reduces lean
body mass loss during weight loss in athletes. Med Sci Sports Exerc.
2010;42(2):326-37.

Morton JP, Robertson C, Sutton L. Making the weight: a case study from
professional boxing. Int J Sport Nutr Exerc Metab. 2010;20(1):80-5.
Wilson G, Chester N, Eubank M, Crighton B, Drust B, Morton JP, et al. An
alternative dietary strategy to make weight while improving mood,
decreasing body fat, and not dehydrating: a case study of a professional
jockey. Int J Sport Nutr Exerc Metab. 2012;22(3):225-31.

Bagersad J, Poozesh P, Niezrecki C, Avitabile P. Photogrammetry and opti-
cal methods in structural dynamics—a review. Mech Syst Signal Process.
2017,86:17-34.

Jones PR, Rioux M. Three-dimensional surface anthropometry: applica-
tions to the human body. Opt Lasers Eng. 1997;28(2):89-117.
Christiansen F, Sironi M, Moore MJ, Di Martino M, Ricciardi M, Warick HA,
et al. Estimating body mass of free-living whales using aerial photogram-
metry and 3D volumetrics. Methods Ecol Evol. 2019;10(12):2034-44.
Wong JY, Oh AK, Ohta E, Hunt AT, Rogers GF, Mulliken JB, et al. Validity
and reliability of craniofacial anthropometric measurement of 3D digital
photogrammetric images. Cleft Palate Craniofac J. 2008;45(3):232-9.
Heymsfield SB, Bourgeois B, Ng BK, Sommer MJ, Li X, Shepherd JA. Digital
anthropometry: a critical review. Eur J Clin Nutr. 2018;72(5):680-7.

Choi A, Kim JY, Jo S, Jee JH, Heymsfield SB, Bhagat YA, et al. Smartphone-
based bioelectrical impedance analysis devices for daily obesity manage-
ment. Sensors. 2015;15(9):22151-66.

Farina GL, Spataro F, De Lorenzo A, Lukaski H. A smartphone application
for personal assessments of body composition and phenotyping. Sen-
sors. 2016;16(12):2163.

MacDonald EZ, Vehrs PR, Fellingham GW, Eggett D, George JD, Hager

R. Validity and reliability of assessing body composition using a mobile
application. Med Sci Sports Exerc. 2017;49:2593-9.



Peart et al. BMC Sports Science, Medicine and Rehabilitation

55.

56.

57.

58.

59.

(2022) 14:30

Shaw MP, Robinson J, Peart DJ. Comparison of a mobile application to
estimate percentage body fat to other non-laboratory based measure-
ments. Biomed Hum Kinet. 2017;9(1):94-8.

Wagner D, Castafeda F, Bohman B, Sterr W. Comparison of a 2D iPad
application and 3D body scanner to air displacement plethysmog-
raphy for measurement of body fat percentage. J Hum Nutr Diet.
2019;32(6):781-8.

Neufeld EV, Seltzer RA, Sazzad T, Dolezal BA. A multidomain approach to
assessing the convergent and concurrent validity of a mobile application
when compared to conventional methods of determining body compo-
sition. Sensors. 2020;20(21):6165.

Tian 1Y, Ng BK, Wong MC, Kennedy S, Hwaung P, Kelly N, et al. Predicting
3D body shape and body composition from conventional 2D photogra-
phy. Med Phys. 2020;47(12):6232-45.

Ng B, Hinton B, Fan B, Kanaya A, Shepherd J. Clinical anthropometrics and
body composition from 3D whole-body surface scans. Eur J Clin Nutr.
2016;70(11):1265-70.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Mobile applications for the sport and exercise nutritionist: a narrative review
	Abstract 
	Background
	Dietary analysis
	Nutrition counselling and education
	Body composition
	Future perspectives
	Summary and conclusions
	Acknowledgements
	References


